Phyllomys is the most species-rich genus among spiny tree rats of the family Echimyidae and includes members widely distributed throughout the Atlantic Forest of South America. Among recognized species recovered in previous studies, 4 lineages are unnamed and their taxonomic distinctness needs further investigation. Biogeographic analyses recovered an Amazonian ancestor of the basal lineage leading to living Phyllomys, suggesting ancient connections between the 2 largest South American rainforests, and presence of rainforest corridors within the central Brazilian dry biomes. Based on exhaustive taxonomic sampling of Phyllomys, applying multigene phylogenetic methods, and morphological and karyological data, we described a new species of Phyllomys from central Brazil. Geographical records from the center of the Cerrado biome of central Brazil indicate an unexpected location for the distribution of the genus, given the contrast between the physical and biological characteristics of the Cerrado and Atlantic Forest habitats. Contrary to previous studies, the analysis of the ancestral geographic range performed here suggests a Cerrado ancestral distribution for Phyllomys during the late Miocene. This result favors the hypothesis of a past link between the Amazon and Atlantic Forest in central Brazil, through the region occupied today by the dry Cerrado, and that forest expansions and contractions may have occurred in Brazilian dry biomes over the course of the Tertiary.
Amazonia e Floresta Atlântica no Brasil central, através da região onde hoje em dia o Cerrado está presente, e que expansões e contrações das florestas úmidas durante o Terciário podem ter ocorrido nas regiões ocupadas por biomas secos do interior do Brasil.
Key words: ancestral range reconstructions, Cerrado, molecular dating, multilocus data, South America, spiny tree rat, taxonomy Phyllomys Lund, 1839, is the most species-rich genus among spiny tree rats of the family Echimyidae (Leite 2003; Loss and Leite 2011) . Species in the genus are nocturnal and folivorous and adapted to climbing in trees. A total of 13 living species are formally recognized (Leite 2003; Leite et al. 2008; Loss and Leite 2011) : P. mantiqueirensis Leite, 2003 , P. medius (Thomas, 1909 , P. nigrispinus (Wagner, 1842) , P. pattoni Emmons et al., 2002 , P. thomasi (Ihering, 1897 , P. unicolor (Wagner, 1842) , P. blainvilii (Jourdan, 1837) , P. brasiliensis Lund, 1840 , P. dasythrix Hensel, 1872 , P. kerri (Moojen, 1950 , P. lamarum (Thomas, 1916) , P. lundi Leite, 2003 , and P. sulinus Leite et al., 2008 . Many morphological characters overlap between species; therefore, studies at the molecular level have been decisive for defining species limits in the genus (Leite 2003) . Besides 13 valid species, phylogenetic inferences and karyological data have revealed other monophyletic lineages (Loss and Leite 2011; Araújo et al. 2014 ), but no taxonomic proposition has been made and further analyses are required to propose formal descriptions or associate these lineages to valid species.
The closest relative of Phyllomys is Echimys Cuvier, 1809, an ecological equivalent that is mainly distributed in the Amazon Forest (AM- Galewski et al. 2005) . These genera represent sister lineages with disjunct distributions in AM and the Atlantic Forest (AF) and have been used as models to test hypotheses on ancient connections between the 2 largest South American rainforests (AM and AF- Upham et al. 2013; Fabre et al. 2017 ). Reconstructions of the ancestral geographic distribution estimate that Phyllomys and Echimys share a common ancestor that occurred in the AM (Upham et al. 2013; Fabre et al. 2017 ) and indicate that the ancestor of Phyllomys may have reached the AF by dispersal from AM in the early Miocene-Pliocene, advocating for the existence of past rainforest corridors throughout the dry Cerrado and Caatinga (Fabre et al. 2017) .
AM and AF are separated by the "diagonal of open formations" of South America (Ab'Saber 1977) , which is a corridor of drylands composed of the Argentinean and Paraguayan Chaco, the Caatinga in northeastern Brazil, and the Cerrado in central Brazil. Three hypothetical routes may have operated during contact between AF and AM: the northeastern route (Bigarella et al. 1975; Andrade-Lima 1982; Auler et al. 2004; Wang et al. 2004) , where the semi-arid Caatinga is today the dominant ecosystem; the central route, which could have passed through the Cerrado in central Brazil, either as a continuous forest corridor or as a series of forest patches (Por 1992; Oliveira-Filho and Ratter 1995; Costa 2003) ; and the southern route (Por 1992; Costa 2003; Batalha-Filho et al. 2013) , where organisms from AF could have reached AM through the Paraná River Hydrographic Basin (Por 1992) . No study has tested which of these hypotheses may have played a role in the Phyllomys-Echimys biogeographical routes of diversification. To accomplish this task, a broad taxonomic sampling would be required, including population samples of all Phyllomys species with geographical ranges covering northern, central, and southern AF, and from Cerrado-Caatinga ecotones. Besides this, recent fieldwork revealed an individual of Phyllomys sp. in a gallery forest surrounded by savanna in the core area of the Cerrado. Until now, the taxonomic identity of this specimen was unknown (Bonvicino et al. 2014) .
Here, we apply phylogenetic methods using multilocus data to test the taxonomic status of the unnamed Phyllomys species and to verify its phylogenetic and morphological congruence with the specimen from Cerrado in order to delimit and describe the new species. Additionally, we estimate ancestral geographical range reconstructions of Phyllomys and Echimys to verify the best-fit hypothesis among the 3 available alternative hypotheses regarding the routes and connections between the Cerrado, AM, and AF. We predict that if the ancestral range of the most recent common ancestor of Phyllomys and Echimys is estimated to be in the northeastern AF, then the northeastern contact route is likely to have played a role in the diversification of these genera. However, if the ancestral range of the most recent common ancestor of Phyllomys and Echimys is estimated to have occurred in the central or southern AF, then the 2 alternative contact routes (central and southern) are more likely to have played a role in the diversification of these genera.
Materials and Methods
Taxonomic sampling and morphological description.-Phylogenetic relationships were assessed using 28 specimens representing the 13 Phyllomys species currently recognized (sensu Loss and Leite 2011; Araújo et al. 2014): P. blainvilii, P. brasiliensis, P. dasythrix, P. lamarum, P. lundi, P. mantiqueirensis, P. nigrispinus, P. pattoni, P. sulinus, Phyllomys sp. 1, Phyllomys sp. 2, Phyllomys sp. 3, Phyllomys sp. 4, and the Phyllomys specimen from the Cerrado housed at Mammal Collection of Universidade de Brasília (UNB 3820). Another 4 described species of Phyllomys are not included in the present study (as in other molecular phylogenetic studies) given the lack of DNA samples: P. medius, P. kerri, P. thomasi, and P. unicolor. However, based on the morphological diagnoses and geographical distribution of these species not included in the analyses, we are confident that their absence does not bring any prejudice to the test of our hypotheses. For the complete list of specimens analyzed, GenBank accession number and museum catalog numbers, see Appendix I.
External and cranial morphology follow the terminology used by Emmons et al. (2002) and Leite (2003) . Dental nomenclature follows Iack-Ximenes et al. (2005) . Postcranial anatomy follows Argot (2004) and Carrizo and Díaz (2013) . Morphological comparisons were made between Phyllomys sp. 4 (MCNM 2709, MCNM 2153), the Phyllomys specimen from the Cerrado (UNB 3820), P. brasiliensis (MCNM 1733 , MCNM 1734 , and using literature information for P. blainvilii (Leite 2003) , given the close geographic ranges of these species.
Twenty-three cranial measurements were taken with a digital caliper to the nearest 0.01 mm. These measurements follow Leite (2003) : greatest skull length, including incisors (GSL), nasal length (NL), rostral length (RL), orbital length (OL), rostral breadth (RB), interorbital constriction (IOC), mastoid breadth (MB), zygomatic breadth (ZB), condylo-incisive length (CIL), basilar length (BaL), diastema length (D), maxillary toothrow length (MTRL), total palatal length (PLa), posterior palatal length (PLb), incisive foramina length (IFL), bullar length (BuL), postpalatal length (PPL), mesopterygoid fossa width (MPF), maxillary breadth (MaxB), occipital condyle width (OccW), rostral depth (RD), cranial depth (CD), and cranial depth at M1 (CDM1). External measurements and weight were obtained from specimen tags deposited in mammal collections or from collector notes: total body length (TBL), tail length (TL), hind-foot length (HF), and ear length (E).
Molecular data, phylogenetic reconstructions, and dating.-DNA extractions from tissue samples preserved in ethanol were made following Bruford et al. (1992) . Four DNA fragments were used for the molecular phylogenetic reconstructions: the mitochondrial cytochrome-b gene (Cytb), the nuclear exon 28 of the von Willebrand factor gene (Vwf), the exon 10 of the growth hormone receptor (Ghr), and the recombination activating gene 1 (Rag1). PCRs were made using Platinum Taq DNA Polymerase (Invitrogen Corp., Carlsbad, California) following manufacturer instructions for concentrations and reagent volumes. Thermocycling conditions for the amplification process of each marker and specific primers are given in Supplementary Data SD1.
PCR products were purified using ExoSAP enzymes (GE Healthcare Life Sciences, Pittsburgh, Pennsylvania). The cyclesequencing reactions were performed using BigDye Terminator 3.1 (Applied Biosystems, Inc., Carlsbad, California) and the same primers were used for PCR. Samples were sequenced in both directions using an automated DNA sequencer ABI 3500 (Applied Biosystems, Inc.) following manufacturer's protocol for the sequencing reaction. Sequences were aligned in Geneious 6.1 (Biomatters, Auckland, New Zealand). Appropriate models of evolution for each gene partition were determined in jModelTest 2.1.7 (Darriba et al. 2012) , allowing 3 substitution schemes and a gamma parameter estimate using Bayesian Information Criterion (see Supplementary Data SD2 for the selected evolutionary model for each partition). All obtained sequences were deposited in GenBank. Accession numbers of the sequences obtained here and additional sequences downloaded from GenBank are available in Appendix I.
Phylogenetic reconstructions were performed using a concatenated data set of all molecular markers (Cytb, Vwf, Ghr, Rag1) totaling 3,330 DNA base pairs under Bayesian inference (BI) and maximum likelihood (ML) approaches. The first analysis was implemented in MrBayes v.3.0b4 (Huelsenbeck and Ronquist 2001) using default settings for the Markov Chain Monte Carlo (MCMC). It was run for 10 million generations, sampling 1 tree every 1,000 generations. Values of state frequencies and substitution rates were applied as initial values in a Dirichlet distribution, and the gamma shape parameter and proportion of invariable sites were fixed based on estimates of the best-fit models from jModelTest2. The first 20% of samples were discarded as burn-in, and a 50% majority-rule consensus from the remaining trees was estimated. The software Tracer v.1.6 (Rambaut et al. 2014) was used to check for convergence among runs. Analysis under ML criterion was performed using RAXML v.8 (Stamatakis 2014), and ran on the CIPRES Science Gateway cluster (Miller et al. 2010 ). The ML run employed the GTRCAT model and estimated the gamma rate distribution. Nodal supports were evaluated using 1,000 bootstrap pseudoreplicates.
Phylogenetic analyses were also performed based on Cytb single matrix and concatenated nuclear genes. These analyses were implemented under BI using MrBayes v.3.0b4 (Huelsenbeck and Ronquist 2001) , and priors were set accordingly using the same procedures for the concatenated full matrix (Cytb, Vwf, Ghr, Rag1) analysis.
We estimated the time to the most recent common ancestor (with SD and a 95% credibility interval) among Phyllomys lineages using a relaxed clock with a Log normal distribution and the Yule prior as implemented in BEAST 2.3.2 (Drummond et al. 2012) with unlinked evolutionary models and clock rates between partitions. We used a constraint topology by forcing the monophyly of groups according to our previous analysis with all molecular markers for Phyllomys species and following Upham and Patterson (2015) , Upham et al. (2013) , and Loss et al. (2014) for other caviomorph phylogenetic relationships.
We used 3 fossils to calibrate the molecular clock following Upham et al. (2013) and Upham and Patterson (2015) . All calibration points were set as minimum dates (offset) with lognormal priors, mean = 0, and SD = 1. The 1st calibration point represents the most recent common ancestor (MRCA) of Chinchilloidea-Octodontoidea. The minimum age was constrained at 29.5 million years ago (Ma) using the oldest stem octodontoid, Draconomys verai Vucetich et al., 2010 , from the early Oligocene Sarmiento Formation at Gran Barranca, Argentina, pre-Deseadan South American Land Mammal Age (SALMA- Vucetich et al. 2010; Antoine et al. 2012) . The 2nd calibration point represents the MRCA of Octodontidae/ Ctenomyidae. The minimum age was constrained at 5.7 Ma using the stem ancestor of Ctenomys Blainville, 1826, Xenodontomys simpsoni Kraglievich, 1961 from the late Miocene Los Salitres Formation at Laguna Chasicó, Argentina, late Huayquerian SALMA (Verzi 2008; Verzi et al. 2013) . The 3rd calibration point represents the MRCA of the clade composed by Thrichomys Trouessart, 1880, Callistomys Vucetich, 1998, Myocastor Kerr, 1792 , and Proechimys Allen, 1899. The minimum age was constrained at 6.0 Ma using the stem ancestor of the Thrichomys lineage, Pampamys emmonsae Verzi, Vucetich and Montalvo, 1995 from the late Miocene Cerro Azul Formation at Laguna Chillhué, Argentina, Chasicoan-Huayquerian SALMA (Verzi et al. 1995 (Verzi et al. , 2013 Olivares and Verzi 2015) .
The Markov chains ran for 10 million generations, sampling 1 tree every 1,000 generations. The software Tracer v. 1.6 (Rambaut et al. 2014 ) was used to check for convergence among runs.
Biogeographical analysis.-The ancestral geographical distributions of Phyllomys species were inferred using a Bayesian approach-Bayesian Binary MCMC (BBM) Method For Ancestral State in the software RASP 3.1 (Reconstruct Ancestral State in Phylogenies- Yu et al. 2015) . Using this approach, we can track which region of AF played a role in the contact with AM and forest areas of the Cerrado during the diversification of Phyllomys and related outgroups. For this analysis, the tree chronogram resulting from the dating analyses of BEAST software was used as input. We pruned the tree terminals so that each species was represented by 1 sole terminal, and so that outgroups were represented by M. didelphoides and E. chrysurus, both distributed in AM domain. The analysis was conducted using 4 areas of occurrence kept as maxima, 10 chains of 5 million generations, sampling every 100 generations, and discarding 25% of the samples.
We used biomes (sensu Whittaker 1962) to delimit the geographic ranges of the living Phyllomys species as follows: AM (the outgroups M. didelphoides and E. chrysurus); the Cerrado biome and AF transition (P. brasiliensis, the Phyllomys specimen from the Cerrado, and Phyllomys sp. 4); southern AF (P. nigrispinus, P. sulinus, and P. dasythrix); south-central AF (P. pattoni, P. lundi, P. mantiqueirensis, Phyllomys sp. 1, and Phyllomys sp. 3); north-central AF (P. pattoni and P. lamarum); northeastern AF (Phyllomys sp. 2); and the relicts of AF enclaves in the Caatinga biome, named brejos de altitude (P. blainvilii). The rational for this regionalization in the distribution of Phyllomys in AF is based on the clades of Phyllomys associated with particular regions of the AF (Loss and Leite 2011) and also on an independent source of evidence for such regionalization of AF biota (Carnaval et al. 2009; Silva et al. 2012) .
The geographic distribution of each Phyllomys species ( Araújo et al. (2014) and the single specimen (UNB 3820) from the core of Cerrado formed a well-supported clade. Low support (pp < 0.90; bootstrap < 70) was estimated for internal nodes, such as the basal dichotomy that leads to the P. pattoni clade. Conflicting results between BI and ML analyses concerned P. mantiqueirensis and Phyllomys sp. 3 where the BI analysis found a sister relationship, which was not retrieved by the ML analysis. BI points to these 2 taxa as sisters to a clade represented by the remaining Phyllomys species. This last clade is formed by 2 reciprocally monophyletic clades that include 2 unnamed species (Phyllomys sp. 1 and Phyllomys sp. 2), P. blainvilii, P. lamarum, P. brasiliensis, P. lundi, P. nigrispinus, P. sulinus, and P. dasythrix.
High support is provided for the monophyly of Phyllomys sp. 4 specimens and the Phyllomys specimen from the Cerrado (UNB 3820), based on BI of Cytb and concatenated nuclear analyses (Supplementary Data SD3). Based on congruencies of all analyses and a set of morphological and karyological evidences, we describe a new species of Phyllomys from the Cerrado of Brazil in the following taxonomic section. The recognition of this lineage as a new species is in accordance to the extended Phylogenetic Species Concept advocated by Nixon and Wheeler (1990) , where a species can be interpreted as the smallest lineage analyzable by cladistics methods.
Molecular dating and biogeographical analyses.-Molecular dating analysis (Fig. 3; Supplementary Data SD4) indicates the initial diversification of Phyllomys occurred during the Miocene, where it shares its MRCA with Echimys. The crown age of Phyllomys is the late Miocene, when the lineage leading to Phyllomys from Cerrado (UNB 3820) and Phyllomys sp. 4 (MCNM 2027, 2709) appears as the 1st offshoot in the Phyllomys tree. A series of bifurcation events occurred during the Pliocene, which led to a series of speciation events during the Plio-Pleistocene.
Ancestral geographic distribution analysis ( Distribution and habitat.-The holotype of P. centralis was caught in a live trap placed in the canopy of a protected gallery forest fragment within Fazenda Água Limpa, which is a research station and natural reserve of the Universidade de Brasília, located in the APA Gama Cabeça de Veado, Distrito Federal, Midwestern Brazil. This gallery forest has arboreal individuals with 20-25 m high above the ground, distributed alongside the Capetinga stream, a narrow tributary in the Paraná River Basin, with the canopy covering 70-95% of the landscape. It is located near a small dam and surrounded by cerrado (savanna-like) vegetation and has rural and urban areas nearby. The collecting localities of 3 paratypes are located at the western limit of the AF domain, transitional to Cerrado, Minas Gerais state. Natural vegetation at these localities includes patches of deciduous and semi-deciduous forests, savannas, and gallery forests.
Etymology.-The specific epithet centralis refers to its known geographic range, central Brazil.
Nomenclature statement.-A life science identifier (LSID) number was obtained for the new species (P. centralis): urn:lsid:zoobank.org:pub:B2D465BC-8B87-410C-A77C-046351BA024B.
Diagnosis.-Coarse dorsal pelage, reddish-brown to yellowish-brown speckled with black (Fig. 4) . Ventral pelage lighter than lateral, reddish-brown to grayish-beige, with inguinal and axillary white patches. Aristiforms on rump are medium in length (ca. 24 mm; sensu Leite 2003 ) and thin (< 0.5 mm), wider and paler at the base, narrowing gradually toward the tip, and are either black or orange. Supraorbital ridges are well developed and interorbital region is slightly divergent anteroposteriorly. Palatine is wider than M1. Upper toothrow is slightly divergent posterior. In the karyotype (MCNM 2027), the diploid number (2n) is 76, and the fundamental number (FN) is 140 (Araújo et al. 2014-cited as "Phyllomys sp. 4").
External morphology.-Medium-sized species (sensu Emmons et al. 2002; Fig. 4) , with coarse pelage but not heavily spined. Dorsal head color reddish-brown to yellowishbrown, similar to dorsal pelage. Nose is reddish. Round and small ears densely filled by hairs twice the size of the ears. (Brasília, Distrito Federal, Brazil) of Phyllomys centralis sp. nov. The chronogram is the result of molecular dating analysis inferred from concatenated genes (Vwf, Ghr, Rag1, and Cytb). Circles near terminal names refer to the geographic distribution of each taxon accordingly to dots in the map. Pie chart illustrates approximate probabilities of ancestral area distribution (only areas with probabilities > 25% are shown). Geological time limits are based on Gibbard et al. (2010) .
Mystacial vibrissae exceed the ears, varying from dark brown (MCNM 2153 (MCNM , 2709 to whitish (UNB 3820). Dorsal pelage range from reddish-brown (MCNM 2153) to yellowish-brown (UNB 3820, MCNM 2709), both speckled with black. There is no clear distinction between colors of dorsal and lateral pelage. Ventral pelage lighter than lateral, varying from reddish-brown to grayish-beige, with inguinal and axillary white patches. Aristiforms on rump are short (< 26 mm) and narrow (< 0.5 mm), paler at the base, gradually darkening toward the distal end. Aristiform tip is either black or orange. Whiplike tip (filamentum apicalis) can be present or absent. Tail is dark brown above and slightly lighter below, but is not conspicuously bicolor; shorter than or equal to head-and-body length in adults and covered with light brown hairs throughout its length, ending in a bushy tuft. Tail scales are visible, especially toward the proximal portion of the tail. Dorsal surface of forefeet and hind-feet covered with light brown to silverwhite hairs, with a lighter aspect when compared to the rest of the body. Ungual tufts are whitish, reaching the claw tips; a vestigial pollex bears a nail. Plantar surface of hind-feet covered by small scales, bearing long hypothenar and thenar pads, and 4 interdigital pads. External measurements are in Table 1 .
Skull.-Skull (Fig. 5 ) is robust and long. Nasal bones widen gradually toward the anterior end in dorsal view. The interorbital region diverges posteriorly, with a very small postorbital process. Supraorbital ridges are well developed. Zygomatic arch is robust, maximum height approximately equal to or less than 1/3 of the jugal length. Postorbital process of the zygomatic prominent and formed only by the jugal. Lateral process of supraocciptal is short, extending to the midline of the external auditory meatus. Incisive foramen ovate. Palatine width is wider than the tooth width at M1. Mesopterygoid fossa varies in size and shape, forming an angle of 45-60°, and reaching the anterior lamina of M3 or posterior lamina of M2. Ventral root of the angular process can be laterally deflected or not. Ventral mandibular spine can be present or absent. Skull measurements are in Table 1 .
Dental morphology.-Upper incisors orthodont; upper toothrows are parallel to slightly divergent posteriorly. Upper cheek teeth (Fig. 6) are rectangular, consisting of 4 simple parallel lophs separated by 3 labial flexi: para-, meta-, and posteroflexus. Lower premolar pentalophodont and lower molars trilophodont. Meso-, postero-, and hypoflexid angled; murid present on m3 and also visible on worn m2, separating hypo-and posteroflexid.
Postcranial skeleton.-Vertebrae count: 7 cervical, 14 thoracic, 7 lumbar, 3 sacral, and 36 caudal. Dorsal tubercle present on atlas, but smaller than ventral tubercle. Spinous process of axis well developed and projected posteriorly. Lamina ventralis present on the 6th cervical vertebra. Neural process of 2nd thoraxic vertebra long and distally broad. The 11th thoracic vertebra is the anticlinal vertebra. Anapophyses present on all but the 7th lumbar vertebra. Second sacral vertebra fused to 3rd and 1st vertebrae, which is also fused to the ilium. Six proximal caudal vertebrae exhibit well-developed neural and transverse processes, pre-and post-zygapophyses, and neural foramen. Sternum formed by a shovel-shaped manubrium, 4 wide sternebrae, and a rectangular xiphisternum. Scapula with infraspinous fossa wider than supraspinal; cranial border round and vertebral border pointed; spinous process long; acromion and metacromion well developed. Humerus slightly shorter than ulna; deltoid tuberosity well developed and positioned on the proximal half. Size of olecranon process is similar to trochlear notch. Iliac crest well developed and projected laterally; posterodorsal margin of ischium pointed; sciatic notch well developed. Greater trochanter higher than the head of femur; lesser trochanter well developed, and 3rd trochanter absent. Tibia slightly longer than femur, with sigmoid shape in anterior view. Proximal margin of fibula wide and falciform. Five digits on manus and pes, with a vestigial pollex. Postcranial skeleton is illustrated in Figs. 7 and 8 . Karyotype.-The female MCNM 2027 showed 2n = 74 and FN = 140 (Araújo et al. 2014) . Autosomes include 34 pairs of biarmed chromosomes (pairs 1-34), and 2 small acrocentric pairs (pairs 35 and 36). Pair 11 presented a large rDNA interstitial proximal secondary constriction in its long arm, and the X chromosome is a large submetacentric. The morphology of Y chromosome is not known since the karyotype is known from only a female. GTG-and CBG-banding patterns, silverstaining of nuclear organizer regions (Ag-NORs), and fluorescence in situ hybridization (FISH) with telomeric and 45 rDNA probes are described in Araújo et al. (2014) .
Comparisons.-The geographic range of P. centralis overlaps with P. brasiliensis and is adjacent to P. blainvilii. The overall dorsal pelage (Fig. 4) is darker in P. centralis than in P. blainvilii, and the thighs and rump of P. centralis are darker than those of P. brasiliensis. Aristiforms on the rump of P. centralis are narrower (< 0.5 mm) than in both P. brasiliensis and P. blainvilii (≥ 1 mm), are of the same length of the latter (ca. 24 mm), and are shorter than the former (ca. 27 mm). The transition from the dorsal to ventral sides of the body is more gradual in P. centralis than in P. brasiliensis and P. blainvilii. The ventral pelage (Fig. 4) is lighter in P. brasiliensis and P. blainvilii than in P. centralis, which varies from reddishbrown to grayish-beige. The orange band of dorsal aristiforms is also shorter in P. centralis than in the other 2 species. The palatine is about the same width as M1 in P. brasiliensis, but is wider than M1 in both P. centralis and in P. blainvilii. The posterior margin of the protoconid on m3 is slightly pointed in P. centralis and rounded in P. brasiliensis. See Table 2 for comparative characters of Phyllomys species.
discussion
Defining morphological boundaries is historically a major constraint in the systematics and taxonomy of Phyllomys species, and only in recent years have the taxonomic limits between valid species been better recognized (Emmons et al. 2002) . A major limitation in studying Phyllomys is the difficulty in capturing the arboreal herbivorous echimyids using traditional traps (Voss and Emmons 1996) , leading to small series of specimens.
Besides phylogenetic inferences to delimit Phyllomys species, Leite et al. (2008) suggest that karyotypes may be valuable for the taxonomy of Phyllomys, given the unique diploid and FNs Cranial measurements (mean, minimum, and maximum) of Phyllomys blainvilii (n = 65) and Phyllomys brasiliensis (n = 2) transcribed from Leite (2003) . Measurements are defined in "Materials and Methods." BaL = basilar length; BuL = bullar length; CD = cranial depth; CDM1 = cranial depth at M1; CIL = condylo-incisive length; D = diastema length; E = ear length; GSL = greatest skull length; HF = hind-foot length; IFL = incisive foramina length; IOC = interorbital constriction; MaxB = maxillary breadth; MB = mastoid breadth; MPF = mesopterygoid fossa width; MTRL = maxillary toothrow length; NL = nasal length; OccW = occipital condyle width; OL = orbital length; PLa =total palatal length ; PLb = posterior palatal length; PPL = postpalatal length; RB = rostral breadth; RD = rostral depth; RL = rostral length; TBL = total body length; TL = tail length; ZB = zygomatic breadth. presented in the majority of species. Although karyotypes seem to be species-specific for the genus, variation for the 2n and FN have already been reported for P. pattoni (see Leite 2003; Paresque et al. 2004) , species with the largest geographic range. Thus, we associated the karyomorph 2n = 74, FN = 140 to P. centralis based on a specimen from Minas Gerais, but we can expect intraspecific variation in karyotypes.
Early studies based on mitochondrial data yielded low resolution for the Phyllomys tree (Leite 2003) , leading to a basal polytomy attributed to rapid events of diversification. Later, multigene phylogenies improved the resolution of Phyllomys (Loss and Leite 2011), but low resolution levels persist in Phyllomys phylogenies as well as in the entire Echimyidae family, resulting in a star-like phylogeny based on mitochondrial data (Lara et al. 1996; Leite and Patton 2002) , and unresolved internal nodes based on multigene approaches and mitogenomic data (Upham et al. 2013; Fabre et al. 2017) . We expanded the matrix available to the Phyllomys phylogeny by adding more DNA markers and specimen samples. Even with the robust DNA dataset we produced in the present studythe largest molecular dataset used for Phyllomys-low support values continue to exist. The next step to overcome this issue would be the use of combined morphological and molecular information in a total-evidence approach, as well as the use of phylogenomic methods.
The ancestral range reconstruction and the dating of the phylogeny of Phyllomys and its close relatives, Echimys and Makalata, indicate that an ancestral lineage of Phyllomys may have shifted its distribution from the AM to the Cerrado in the late Miocene, and from the Cerrado to south-central AF in the early Pliocene. This hypothesis is slightly different from previous ones, which advocate for a direct AM-AF transition for the (tv11), and the 7th lumbar vertebra (lv7); E) neural process (np) of 2nd thoraxic vertebra; F) 2nd sacral vertebra (sv2), ischium (isch), and iliac crest (ic); G) 1st caudal vertebra (cv1), neural process (np).
ancestral Phyllomys (Upham et al. 2013; Fabre et al. 2017 ). This is due to different taxonomic sampling employed here, which incorporates all the Phyllomys species (with DNA sequences available) and the specimen representing the new species from the center of the Cerrado. The changes in occurrence areas during the history of diversification of Phyllomys imply the existence of a past forest connection that was suitable for the occurrence and dispersal of echimyid climbing rats, linking the AM, Cerrado, and AF in the region where the central part of the Cerrado is currently located. This hypothesis corroborates a previously proposed central connection between AF and AM (Por 1992; Costa 2003) . Costa (2003) found many lineages of small mammals distributed in the AF that are sisters to lineages distributed in the AM; and sister lineages with disjunct distributions in the AF and forest environments in the Cerrado. Many taxa analyzed by Costa (2003) display geographic distributions similar to the species analyzed here. The ancient time divergence (e.g., 8 Ma) estimated for some of these lineages is near to the coalescent time of the most recent common ancestor of Phyllomys and its sister Echimys, which was found here. Other sources of evidence based on the phylogenetic information of bird communities also indicate old connections between lineages distributed in the southern AF and AM (Batalha-Filho et al. 2013 ). This condition also can be hypothesized based on pollen data sustaining an analogous environment to the current AM rainforest since the Eocene (Burnham and Johnson 2004) and through the Miocene (Jaramillo et al. 2010) in South America. Furthermore, phylogenetic evidence based on woody plants indicates that organisms from forested environments of South America are older than their relatives from open formations (e.g., savannas-Souza-Neto et al. 2016), which indicates that paleo-habitat rainforests were suitable for the diversification of climbing echimyids.
Another connection between AF and AM is thought to have occurred in northeastern Brazil (Andrade-Lima 1982; Bigarella et al. 1975; Auler et al. 2004) where the semi-arid Caatinga is the dominant ecosystem currently. Such contact apparently took place during the Quaternary when mesic conditions may have favored the expansion of forests (Auler et al. 2004; Wang et al. 2004) . Additionally, the current humid forest enclaves within the Caatinga (brejos de altitude) are considered relicts of an extinct evergreen paleo-forest in that region (Rizzini 1963; Bigarella et al. 1975 ). This route may have played a minor role in the historic range of Phyllomys species as a whole, but the dynamics of contraction and expansion of forests in this region seems to have caused speciation leading to P. blainvilii, which is clearly associated with the brejos de altitude and seemingly resulted from a dichotomy that occurred in the Quaternary. Borderlines of AM and AF cannot be dissociated from the boundaries of the adjacent biomes, the dry and open Caatinga, Cerrado, and Chaco. Plant elements of AM and AF penetrate into the Cerrado domain (Oliveira-Filho and Ratter 2002; Marimon et al. 2006) , indicating a dynamic history of contact acting on the distribution limits of these biomes. Such patches of forest in the Cerrado biome have been considered the habitat type that encloses the highest diversity of birds and mammals within the Cerrado and is composed of lineages derived from the adjacent forested biomes (Mares et al. 1985; Silva 1995; Marinho-Filho et al. 2002) . Our findings of a new forest-dwelling species reinforce this idea. Further, the dated phylogeny and ancestral range reconstruction analyses indicate an in situ speciation in such forest patches derived from an ancient divergence, implying forest expansions and contractions during the Tertiary.
Little is known regarding the geographic distribution of P. centralis. The holotype was collected at Área de Proteção Ambiental (APA) Gama Cabeça-de-Veado, located in the southern portion of Distrito Federal, central Brazil. Although APA means Environmental Protection Area, this is a category of conservation unit (defined by the Brazilian National System of Conservation Units [SNUC]-MMA 2011) that allows exploration of natural resources and even urbanization. Two paratypes were collected in the neighboring cities of Santa Bárbara and Catas Altas, which is in the center of the iron mining area of Minas Gerais state (MG), once covered by a mosaic of cerrados and forested areas. The last specimen was collected within the metropolitan area of Belo Horizonte, MG. Thus, only the holotype was collected in a relatively protected area that represents an island of native cerrados surrounded to the north and northwest by the urban and suburban areas of Brasília, and to the south and southeast by large areas of monoculture farms and agribusiness. Even this island of protected native cerrados is always under the threat of wildfire events, which can drastically affect their forests (Mendonça et al. 2015) . The expansion of the road system of Brasília is also a threat to the conservation of water resources and associated biota of that site (UNESCO 2003) .
We compared the data on P. centralis to the IUCN Red List Categories and Criteria (IUCN 2016) . The extent of occurrence of P. centralis was estimated to be 7,499 km 2 based on a polygon constructed using the available records. Under the criteria B1 of the IUCN, a species must score up to 20,000 km 2 in extent of occurrence to be considered "Vulnerable"; however, since the known geographic occurrence of this species is limited to 4 locations, it is considered "Endangered" by the IUCN (criteria B-a), as some of these locations are threatened by abrupt habitat loss (e.g., fire, hurricane, flood, volcanic eruption, landslide, etc). No additional information regarding population data on P. centralis exists, so it is impossible to check its status against the remaining IUCN criteria (criteria A, C, D, and E). IUCN (2016) recommends a taxon should not be deemed "Data Deficient" if all of the 5 criteria have not been considered. Instead, its status should be considered as "Not Evaluated" if no attempt to evaluate the current status of the taxon has been made. Thus, we believe that the category "Near Threatened" is adequate because Phyllomys centralis scores 2 points closer to the "Vulnerable" category, and the 3 locations of occurrence of this species are threatened by abrupt habitat loss (i.e., landslides at mining sites, wildfires, and planned expansion of the road system located in the southern portion of Distrito Federal).
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appendix ii
Specimen catalog numbers, localities, and coordinates (decimal degrees) used to construct species distribution map and biogeographic analysis. Map code denotes distribution map localities (Fig. 1) . Brazilian states are: Bahia (BA), Ceará (CE), Distrito Federal (DF), Espírito Santo (ES), Minas Gerais (MG), Paraíba (PB), Paraná (PR), Pernambuco (PE), Rio de Janeiro (RJ), Rio Grande do Sul (RS), Santa Catarina (SC), and São Paulo (SP). 
